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II. RELATED APPEALS AND INTERFERENCES 

There are no appeals or interferences that will directly affect, or be directly affected by. or 
have a bearing on the Board's decision in this appeal. 

III. STATUS OF CLAIMS. 

The status of the claims in this application are: 

A. TOTAL NUMBER OF CLAIMS IN THE APPLICATION 

Total claims in the application are claims 1-49. 

B. STATUS OF ALL THE CLAIMS 

1. Claims 1-29 have been canceled without prejudice. 

2. Claims 30-49 have been added. 

3. No claims have been withdrawn from consideration. 

4. Claims 30-49 are pending. 

5. No claims are allowed. 

6. Claims 30-49 are rejected. 

C. CLAIMS ON APPEAL 

The claims on appeal are claims 30-49. 



IV. THE STATUS OF AMENDMENTS. 

There were no amendments filed after the final rejection dated January 10, 2001 . Thus, 
the final status of the claims for appeal is claims 30-49. 

VI. SUMMARY OF THE INVENTION. 

As disclosed on page 1, lines 4 and 5, of the specification, the present invention relates to 
an anti-cancer formulation (i.e. pharmaceutical composition and liposome/antibody conjugate). 
The claimed pharmaceutical composition comprises a therapeutically effective amount of a 
monoclonal antibody fragment bound to the surface of a liposome enclosing an anti-cancer agent 
or toxin to cancer cells and a pharmaceutical^ acceptable carrier therefor, said liposome 
comprising phosphatidylcholine, cholesterol and phosphatidylethanolamine, said liposome being 
modified with poly(ethylene glycol), wherein the poly(ethylene glycol) is bound to the surface of 
the liposome through a maleimide group, said antibody fragment belonging to IgG class or IgM 
class and specifically binding to a surface antigen of a stomach and colon cancer cell membrane, 
and said antibody fragment having a variable region of the heavy chain which comprises the 
amino acid sequence shown in SEQ ID No:5 and having a variable region of the light chain 
which comprises the amino acid sequence shown in SEQ ID No:6. It is noted that said antibody 
fragment can alternatively have a variable region of the heavy chain comprising the amino acid 
sequence shown in SEQ ID No:l 1 and a variable region of the light chain which comprising the 
amino acid sequence shown in SEQ ID No: 12. 




The claimed liposome/antibody conjugate consists essentially of a monoclonal antibody 
fragment bound to the surface of a liposome enclosing an anti-cancer agent or toxin to cancer 
cells, said liposome comprising phosphatidylcholine, cholesterol and phosphatidylethanolamine. 
said liposome being modified with polyethylene glycol), wherein the polyethylene glycol) is 
bound to the surface of a liposome through a maleimide group, said antibody fragment belonging 
to IgG class or IgM class and specifically binding to a surface antigen of a stomach and colon 
cancer cell membrane, and said antibody fragment having a variable region of the heavy chain 
which comprises the amino acid sequence shown in SEQ ID No:5 and having a variable region of 
the light chain which comprises the amino acid sequence shown in SEQ ID No:6. Like the 
claimed pharmaceutical composition, the antibody fragment of the claimed liposome/antibody 
conjugate can also alternatively have a variable region of the heavy chain comprising the amino 
acid sequence shown in SEQ ID No: 1 1 and a variable region of the light chain comprising the 
amino acid sequence shown in SEQ ID No: 12. 

Using the claimed pharmaceutical composition or liposome/antibody conjugate noted 
above, cancerous tissues or organ can be treated continously and over a longer term via 
"targeting" therapy. 

VI. ISSUES ON APPEAL. 

The sole issue on appeal is whether claims 30-49 are unpatentable under 35 USC §112, 
first paragraph, as containing subject matter (specifically "antibody fragments") which was not 
described in the specification in such a way as to reasonable convey to one skilled in the relevant 
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art that the inventors, at the time the application was filed, had possession of the claimed 
invention. 



VII. GROUPING OF CLAIMS. 

The claims should be separated into four groups, with claims 30-34 and claims 35-39. 
directed to a pharmaceutical composition, in two separate groups and with claims 40-44 and 
claims 45-49, directed to a liposome/antibody conjugate, in another two separate groups. Thus, 
the four groups, directed to (a) claims 30-34, (b) claims 35-39, (c) claims 40-44 and (d) claims 
45-49. should be judged independently of one another. 

VIII. ARGUMENTS - REJECTION UNDER 35 U.S.C. § 1 12, FIRST PARAGRAPH. 

The sole issue to be resolved with respect to this rejection is whether claims 30-49 
contain subject matter, specifically antibody fragments such as Fab f or F(ab') 7 . which was not 
described in the specification in such a way as to reasonable convey to one skilled in the relevant 
art that the inventors, at the time the application was filed, had possession of the claimed 
invention. 

Initially. Applicants w ish to note to the Appeal Board that in support of the remarks 
contained hereinbelow. a Declaration from the parent application was submitted under 37 C.F.R. 
1.132 and is of record in the application file. Applicants respectfully request the Appeal Board to 
rev iew the Declaration and references (cited below ) in light of the comments set forth herein 
below. 




Applicants believe that the specification clearly teaches one skilled in the art how to use 
the claimed antibody fragments, such as Fab'. Further, Applicants also strongly believe that it is 
well known to one skilled in the art how to use other antibody fragments, such as F(ab') 2 in view 
of the state of the art at the time of the priority date of the present application. 

Based on the Hxamainer's comments, the Examiner believes that the use of the term 
"antibody fragment" encompasses subject matter which includes antibody fragments such as Fv, 
Fd, or F(ab') 2 , which are not described in the specification. However. Applicants strongly believe 
that the specification clearly describes how to use Fab 1 fragments in the present invention, and 
how to use F(ab') 2 fragments for the purpose of the present invention. 

It is well established in patent law that the specification does not need to literally describe 
* v in ipsis verbis" the particular claim language in order for the specification to satisfy the written 
description requirement of 35 USC § 1 12, first paragraph. See, for example. In re Lukach 169 
USPQ 795, 796 (CCPA) 1971. Furthermore, it is sufficient that the specification "convey clearly 
to one skilled in the art, the information that the Applicant has invented the specific subject matter 
claimed". See, for example. In re Wertheim 191 USPQ 90, 96 (CCPA 1976) and In re Rusting 
154 USPQ 118, 123 (CCPA 1967). 

It is appropriate for the claims to utilize claim language which does not readily appear in 
the specification as long as one skilled in the art would impliedly or inherently recognize that the 
Applicant has invented the specific subject matter claimed. In reviewing the teachings of the 
specification set forth on pages 1,3, 12, 36, 37 and 41, it is clear that the inventors did 
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contemplate a pharmaceutical composition or a liposome/antibody conjugate comprising an 
antibody fragment of the monoclonal antibody. 

The specification teaches on page IK line 18 to page 12, line 17, the method for binding 
an antibody to the surface of a liposome. It discloses as a preferred method a reaction of a 
thiolated antibody with a maleimide group existing in a liposome (see page IK lines 21-24). As 
methods for thiolation. it teaches (1) the use of SPDP, iminothiolane (methyl-4- 
mercaptobutyrimidate), or mercaptoalkylimidate, which is conventionally used for thiolation of 
proteins (page IK lines 21-24), and (2) reduction of the dithiol group intrinsic to an antibody 
(page 12, lines 6-9). 

The second method (2) mentioned above comprises the use of the thiol group possessed 
by a Fab' antibody fragment which is formed by the reduction of a F(ab') 2 fragment as disclosed 
on page 12, lines 9-13 and page 36, line 16, page 37, line 5 (Section a. of Example 7) of the 
specification. 

On the other hand, the first method (1) mentioned above, which is addressed to thiolation 
of a protein having no thiol group, like F(ab') , is carried out in a conventional manner as 
described, for example, by Wright, S. et al.. Advanced Drug Delivery Reviews. 3 (1989), pp. 
343- 352 (see especially on page 351, lines 18-22 and fable II). and by Traut, R.R. et al.. 
Biochemistry. 12 (1973). p 3266-3273, copies of which have already been made of record in the 
parent application (Serial No. 08/450,363). Applicants have also demonstrated from the 
Declaration of I . Tagawa (submitted with the Amendment dated January 26, 1998 in the parent 
application (Serial No. 08/450,363)) that an Experiment conducted using an antibody-bonded 
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PKG-modified liposome which was prepared by binding F(ab') 2 to a liposome in accordance with 
the above-mentioned Traut's method is clearly well within the state of the art at the time of the 
priority date and clearly show that the present inventors contemplated the present invention using 
other antibody fragments such as Fab' and F(ab) 2 . 

Applicants wish to note to the Board that the antibody fragments of the present invention 
must contain an antigen binding site for the purpose of the present invention. The current claims 
recite that the monoclonal antibody fragments must be bound to the surface of a liposome 
enclosing an anti-cancer agent or toxin and be capable of specifically binding to a surface antigen 
of a stomach and colon cancer cell membrane. Accordingly, the antibody or fragment thereof 
used in the claimed invention is defined by specific amino acid sequences. 

Applicants also wish to advise the Board that the gist of the present invention resides in 
the finding of a specific monoclonal antibody defined by the amino acid sequences listed in the 
Sequence Listing, which can actually bind to the aimed antigen, and not in the finding that 
antibody fragments can also be used in the same manner as the antibodies themselves for the 
purpose of the present invention. In other words, it is not necessary under U.S. practice for the 
present application to teach what is already widely known or recognized by those skilled in the 
art as of the priority date of the present application. Since it is w ell known to one skilled in the 
art that antibody fragments in the field of "targeting therapy" are used in the same manner as the 
antibody themselves, it clearly shows that the inventors contemplated the use of such fragments, 
as well as the antibodies themselves in the field of "targeting therapy". In support thereof. 
Applicants have submitted Dr. Hosokawa's Declaration in which the usefulness of antibody 

-8- 




fragment F(ab'), in "targeting therapy" is experimentally shown. Further, a copy of the 
reference, Biochimica et Biophysica Acta (880 (1986) p72-77). which teaches the usefulness of 
F(ab'), in "targeting therapy" (see, in particular. Abstract of the article), as well as demonstrates 
that the use of F(ab') 2 in "targeting therapy" was already widely known and recognized by those 
skilled in the art as of the priority date of the present application. In other words, the enclosed 
Declaration and reference clearly demonstrate that the use of antibody fragments in "targeting 
therapy" as contemplated by the inventors was well known to one skilled in the art at the time of 
the invention. 

Thus, since it is clear that the present inventors contemplated the use of all antibody 
fragments capable of specifically binding to the surface antigen of stomach and colon cancer 
cells for "targeting therapy". Applicants respectfully submit that the rejection of claims 30-49 
under 35 USC § 1 12, first paragraph, cannot be sustained and should be withdrawn. 

For the foregoing reasons, it is strongly urged that the final rejection is untenable and 
should be reversed. 

IX. APPENDIX OF CLAIMS 

The text of the claims involved in the appeal are as follows: 

30. A pharmaceutical composition comprising a therapeutically effective amount of a 
monoclonal antibody fragment bound to the surface of a liposome enclosing an anti-cancer agent 
or toxin to cancer cells and a pharmaceutical^ acceptable carrier therefor, 

said liposome comprising phosphatidylcholine, cholesterol and phosphatidylethanolamine, 
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said liposome being modified with poly(ethylene glycol), wherein the poly( ethylene 
glycol) is bound to the surface of the liposome through a maleimide group, 

said antibody fragment belonging to IgG class or IgM class and specifically binding to a 
surface antigen of a stomach and colon cancer cell membrane, and 

said antibody fragment having a variable region of the heavy chain w hich comprises the 
amino acid sequence shown in SEQ ID No:5 and having a variable region of the light chain which 
comprises the amino acid sequence shown in SEQ ID No:6. 

3E The pharmaceutical composition of claim 30, wherein the 
phosphatidylethanolamine is maleimidated phosphatidylethanolamine. 

32. The pharmaceutical composition of claim 30, wherein the phosphatidylcholine is 
dipalmitoylphosphatidylcholine. 

33. The pharmaceutical composition of claim 30, wherein the anti-cancer agent or 
toxin to cancer is selected from the group consisting of adriamycin, daunomycin, mitomycin, 
cisplatin, vincristine, epirubicin, methotrexate, 5Fu, aclacinomycin, ricin A and diphtheria toxin. 

34. The pharmaceutical composition of claim 30, wherein the monoclonal antibody 
fragment is a F(ab ? ) 2 antibody fragment. 
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35. A pharmaceutical composition comprising a therapeutically effective amount of a 
monoclonal antibody fragment bound to the surface of a liposome enclosing an anti-cancer agent 
or toxin to cancer cells and a pharmaceutical^ acceptable carrier therefor, 

said liposome comprising phosphatidylcholine, cholesterol and phosphatidylethanolamine, 

said liposome being modified with poly(ethylene glycol), wherein the poly( ethylene 
glycol) is bound to the surface of the liposome through a maleimide group, 

said antibody fragment belonging to IgG class or IgM class and specifically binding to a 
surface antigen of a stomach and colon cancer cell membrane, 

said antibody fragment having a variable region of the heavy chain which comprises the 
amino acid sequence shown in SEQ ID No:l 1 and having a variable region of the light chain 
which comprises the amino acid sequence shown in SEQ ID No: 12. 

36. The pharmaceutical composition of claim 35, wherein the 
phosphatidylethanolamine is maleimidated phosphatidylethanolamine. 

37. The pharmaceutical composition of claim 35. wherein the phosphatidylcholine is 
dipalmitoylphosphatidylcholine. 

38. The pharmaceutical composition of claim 35, wherein the anti-cancer agent or 
toxin to cancer is selected from the group consisting of adriamycin. daunomycin, mitomycin, 
cisplatin. vincristine, epirubicin. methotrexate, 5Fu. aclacinomycin. ricin A and diphtheria toxin. 
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39. The pharmaceutical composition of claim 35, wherein the monoclonal antibody 
fragment is a F(abf ) 2 antibody fragment. 

40. A liposome/antibody conjugate consisting essentially of a monoclonal antibody 
fragment bound to the surface of a liposome enclosing an anti-cancer agent or toxin to cancer 
cells, 

said liposome comprising phosphatidylcholine, cholesterol and phosphatidylethanolamine. 

said liposome being modified with poly(ethylene glycol), wherein the poly( ethylene 
glycol) is bound to the surface of a liposome through a maleimide group, 

said antibody fragment belonging to IgG class or IgM class and specifically binding to a 
surface antigen of a stomach and colon cancer cell membrane, and 

said antibody fragment having a variable region of the heavy chain which comprises the 
amino acid sequence shown in SEQ ID No:5 and having a variable region of the light chain which 
comprises the amino acid sequence shown in SEQ ID No:6. 

41 . The liposome/antibody conjugate of claim 40. wherein the 
phosphatidylethanolamine is maleimidated phosphatidylethanolamine. 

42. The liposome/antibody conjugate of claim 40, wherein the phosphatidylcholine is 
dipalmitoylphosphatidylcholine. 
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43. The liposome/antibody conjugate of claim 40, wherein the anti-cancer agent or 
toxin to cancer is selected from the group consisting of adriamycin, daunomycin, mitomycin, 
cisplatin, vincristine, epirubicin, methotrexate, 5Fu, aclacinomycin, ricin A and diphtheria toxin. 

44. The liposome/antibody conjugate of claim 40. wherein the monoclonal antibody 
fragment is a F(ab*) 2 antibody fragment. 

45. A liposome/antibody conjugate consisting essentially of a monoclonal antibody 
fragment bound to the surface of a liposome enclosing an anti-cancer agent or toxin to cancer 
cells, 

said liposome comprising phosphatidylcholine, cholesterol and phosphatidylethanolamine. 

said liposome being modified with poly(ethylene glycol), wherein the poly(ethylene 
glycol) is bound to the surface of a liposome through a maleimide group, 

said antibody fragment belonging to IgG class or IgM class and specifically binding to a 
surface antigen of a stomach and colon cancer cell membrane, and 

said antibody fragment having a variable region of the heavy chain which comprises the 
amino acid sequence shown in SEQ ID No: 1 1 and having a variable region of the light chain 
which comprises the amino acid sequence shown in SEQ ID No: 12. 

46. The liposome/antibody conjugate of claim 45, wherein the 
phosphatidylethanolamine is maleimidated phosphatidylethanolamine. 
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47. The liposomc/antibody conjugate of claim 45, wherein the phosphatidylcholine is 
dipalmitoylphosphatidylcholine. 

48. The liposome/antibody conjugate of claim 45. wherein the anti-cancer agent or 
toxin to cancer is selected from the group consisting of adriamycin. daunomycin. mitomycin, 
cisplatin. vincristine, epirubicin, methotrexate. 5Fu, aclacinomycin, ricin A and diphtheria toxin. 

49. The liposome/antibody conjugate of claim 45. wherein the monoclonal antibody 
fragment is a F(ab*) 2 antibody fragment. 

X. OTHER MATERIALS THAT APPLICANTS CONSIDER NECESSARY 

Enclosed herewith for the Board's convenience are copies of the Rule 1.132 Declarations 
and references noted in the arguments above. 
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Facsimile (202) 721-8250 
June 11.2001 



Respectfully submitted. 
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Summary 

The field of liposome targeting has developed rapidly in the past 10 years as a 
multidisciplinary approach to the controlled delivery of bioactive molecules. Li- 
posomes as delivery vehicles offer several benefits over the administration of free 
compounds as therapeutic devices. Advantages such as the ability to encapsulate 
a wide variety of polar, nonpolar, and amphipathic agents make the liposome an 
attractive delivery device for many applications. Encapsulation protects the drug 
from metabolic degradation and protects host tissue from non-specific effects until 
their arrival at the site of consumption. The large relative carrying capacity of the 
liposomes permits the transfer of thousands of drug molecules to a given cell. Re- 
gardless of the type of liposome or its route of administration, the primary con- 
sumer of either empty or drug-laden liposomes are the highly phagocytic members 
of the reticuloendothelial system. Thus, except for these 'natural' target cells, li- 
posomes remain relatively non-specific transporters. Conjugation of targeting Ii- 
gands such as antibodies to the drug or drug carrier confers specificity of that com- 
plex for a certain cell or organ expressing the targeted antigenic determinant. 
However, direct conjugation of drug with antibody has met with limited success, 
due in part to the required chemical coupling between the drug and antibody. Al- 
ternatively, by first entrapping a native drug into a liposome by a non-perturbing 
method, followed by conjugation of antibodies to the surface of the liposome, some 
of the advantages of either independent approach may be realized without many 
of the disadvantages. The pros and cons of this general approach have been de- 
bated during the past decade in many comprehensive reviews and monographs that 
have been published on the subject of liposome targeting. The primary emphasis 
of the current effort is to focus on one particular strategy for liposome targeting, 
i.e., the use of antibodies as vector molecules for targeted liposome drug delivery 
systems. In the sections that follow we try to describe the progress realized and 
the pitfalls and the limitations encountered with this approach to drug targeting. 
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age of vesicle contents reported. Thiolated IgG exhibits very little non-specific 
binding to SUV's [34]. This method is attractive in its simplicity and the adsorp- 
tively coated liposomes exhibit considerable stability even in the presence of serum 
[27,28,30]. However, the mode of attachment is non-specific and the coating ef- 
ficiency is highly variable. Even though Huang and Kennel [28] found no large in- 
terspecies differences in the adherent capacity of normal IgG, there may be dif- 
ferences in IgG subtype for a given liposome [30]. 

There are two major approaches which have been developed for the specific and 
controlled coating of liposomes witfi antibody. The first approach is to derivatize 
lipid, typically the amino group of phosphatidylethanolamine (PE), which, follow- 
ing incorporation into the liposome, will covalently attach antibody which is sub* 
sequently applied. The second major approach is to convert an otherwise hydro- 
philic protein antibody molecule into an amphipathic molecule which can then non- 
covalently intercalate into the liposomal bilayer. We will discuss briefly only some 
of the more popular techniques along with their most recent modifications. Ex- 
amples of these procedures are listed in Table I. 

ILL Covalent conjugation to pre-formed liposomes 

One of the first successful attempts at covalent attachment of antibody to lipo- 
somes was achieved by glutaraldehyde conjugation. The traditional use of glutar- 
aldehyde has been for cell fixation in which proteins are effectively cross-linked via 
their amino groups. Under the proper conditions, glutaraldehyde can also be used 
for controlled conjugation of amino groups between antibody and PE. Following 
their earlier success with liposome immobilized a-chymotrypsin [35], Torchilin and 
co-workers [36] used glutaraldehyde to conjugate polyclonal Ig to PE-containing 
SUV's. These immunoliposomes retained antigen binding capacity both in vitro and 
in vivo and although up to 60% coupling efficiency was achieved, the net antibody 
incorporation was low. Potential undesirable side reactions would be homocou- 
pling between proteins or between liposomes which would limit its general use- 
fulness. 

Another fundamental conjugation method involves coupling of protein carbox- 
ylic groups with the primary amine of PE on the liposome. Coupling between an- 
tibody and liposome has been achieved with a water soluble carbodiimide (EDCI) 
[37]. A major drawback is potential protein-protein cross-linking but protection 
of the protein amines by prior citraconylation minimizes this side reaction [37,38]. 
Further, this method is inefficient and produces unstable liposomes which retain 
little of entrapped contents [37,38]. More recently, Kung and Redemann [39] have 
used carboxyacyl derivatives of PE for conjugation to protein amines using EDCI. 
PE was derivatized with C4 to C18 dicarboxylic acids which provide spacer arms 
of various chain lengths. Maximum antibody incorporation was found for 1,12-do- 
decanedicarboxylic acid (C16). Incorporation was dependent upon the spacer length 
and the shortest derivative, succinic (C6), produced no detectable protein binding. 

Protein attachment to liposomes can also be achieved via simple Schiff base for- 
mation under the proper conditions [40-42]. Oxidation by periodate of the car- 
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bohydrate moieties on glycolipid-containing liposomes to the corresponding al- 
dehydes facilitates Schiff base formation with protein amines. The conjugate is then 
stabilized by subsequent reduction with sodium borohydride or sodium cyanobo- 
rohydride. Coupling efficiencies of up to 200 p.g IgG per [xmol lipid has been 
achieved [40,41]. These liposomes showed greater binding capacity to target cells 
than immunoliposomes produced by earlier conjugation techniques. Potential 
drawbacks of this technique are that 9-20 mol% of glycolipid must be included in 
the liposome and that periodate addition to the pre-formed liposomes may oxidize 
the fatty-acyl chains of the lipid and/or the contents within the liposome. In ad- 
dition, up to a 60% reduction of immunoreactivity of antibodies following period- 
ate oxidation has been observed [42]. Aldehyde groups can alternatively be gen- 
erated from the carbohydrate groups on the constant region of the heavy chain of 
immunoglobulins by mild oxidation with periodate or glucose oxidase [43]. Ad- 
dition of oxidized antibody to liposomes containing a hydrazide group resulted in 
up to 535 pig of IgMs per jxmol phospholipid [43]. 

One of the most popular conjugation methods utilizes the heterobifunctional 
agent A/-hydroxysuccinimidyl-3-(2-pyridyldithio)propionate (SPDP) [44]. In this 
scheme, SPDP is reacted with liposomal-PE to produce the dithiopyridine deriv- 
ative, DTP-PE, which can then react by disulfide interchange with any protein 
having a free thiol [44-47]. Immunoglobulin Fab' fragments are thus potential 
coupling partners with yields up to 600 ng Fab' per pLmol lipid [45], Typically 1-5 
mol% of DTP-PE is incorporated into the liposome with complete retention of en- 
trapped molecules [44-47]. If intact antibody is used (following SPDP modifica- 
tion) then greater than 60% of antibody-conjugated liposomes could be precipi- 
tated by Staphylococcus aureus indicating exposed antibody Fc regions on the 
liposome surface. Conjugation of antibody Fab' via the free SH is thus disadvan- 
tageous for in vivo applications because if the Fc portion remains intact and ex- 
posed, the immunoliposomes can be trapped by Fc receptor-bearing cells present 
in the host. Advantages of this method are a lack of homocoupling between pro- 
teins or liposomes, provision of a spacer arm, and the stability of liposomal-PE- 
DTP and antibody-DTP. The primary disadvantage is that the disulfide product is 
susceptible to reductive cleavage by endogenous thiols and would therefore be 
generally unsuitable as an in vivo targeting vehicle. 

Goundalkar et al. [48] demonstrated that derivatized fatty acid could also be used 
as an anchor for antibody conjugation to pre-formed liposomes. Stearylamine was 
reacted with SPDP and then incorporated into liposomes. Thioiated antibody could 
then be conjugated to the liposomes with a 24-32% binding efficiency. Approx. 
20% of an encapsulated drug leaked out during the latter binding reaction. In 1982, 
Martin and Papahadjopoulos [49] introduced a new sulfhydryl-reactive lipid deriv- 
ative A^-[4-(^-maleimidophenyl)butyryl]phosphatidylethanolamine (MPB-PE). 
When reacted with a thiol-bearing antibody or Fab' fragment, a stable thioether 
bond is formed between the two by sulfhydryl addition across the maleimide dou- 
ble bond. Coupling efficiency is 20-30%, producing up to 600 pig Fab' per ^mol 
lipid corresponding to about 3000 Fab' per 0.2 jxm vesicle. The advantage of this 
protocol over that with SPDP is that the conjugation is essentially irreversible and 
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the covalently linked product is stable in serum [49]. For most of the earlier tar- 
geting strateg.es. SUVs were most often employed. However, large unilamellar 
ves.des LUVs) such as those produced by the revere nh,/ unilamellar 
nique [50] havener interna, volume an^beUerTr ^ffiSC 
phase evaporation vesic.es (REV,) conjugated to antibody^ ?W TerivatLe a e " 
stable and do not aggregate or leak [49]. In addition, they exhibit good bindml 
and retention-of contents even in 50% serum [49]. However, depending upon he 

£u2 mP 7 l .T h ', gh C ° nCentrations of ^ derivative can perturb Zmbranes 
Couphng of Fab to hposomes with 5 moI% MPB-PE caused increases in size no 
gd,spers.«y and resulted in up to 95% ,oss of entrapped carboxyfiuor sc n [5H 
O hers have reported that up to 10 mol% MPB-PE could be used without any a j' 
verse effects on bilayer structure [49]. Again, these discrepancies are probab'v 
XsoteT d,fferenCCS " Hpid C ° mPOSiti0n ^hods'used for pre^il" 

has M a P ^c E ,l? TP '^K| , 7 beCn SUCCCSS f ° r ^i-^on of Fab' which 

thioth^ for conjugat,on following cleavage of F(ab') 2 with di- 

tniothreitol (DTT). If the prote.n has no free sulfhydryl groups available then if 
can be th.o.ated with a variety of agents (Table II)" In fact, SPDP was ong nal 
designed to mtroduce sulfhydryl groups into proteins for reversib ! p^o- 

Dod27^Tr° n (52) 3nd : aS th£ref0re th£ Choice to folate a' tl 

Dodies 144,46,47]. It is necessary that soluble F(ab'), or Ie-DTP ho fir^ „a 

c e „ v ::T^\T't 1 —r mus - ■» 

can et al. [53 introduced a new thio at ng agent succinimiHvl s ™ ,nu- 
(SATA) This agent has the advantage 

ZZ t iZt hydr ° r Xy,am T " " eUtral and not necessitate removal of 
somes SAtTh T f^™? ^ Pn '° r t0 addition t0 Privatized lipo- 
PE sensltl^ino n"" Kal 'I ^T* " P * 3 °° ^ g * P er ^ mo1 ^ into MPB- 
simi sIta h <Tn [ \, ^'^P^-cinic anhydride (SAMS A) is very 
similar to SATA but alters the electrostatic properties of the protein Trout's re 
agent 2-.mmothio.ane) [55] has been used to thio.ate many'proteins T ncludine 

m T;°e C e 0 h a av an n ib0dy [56] ^ *"? ^ "° ^prote'ction i ^ 

There have been several novel methods developed for the indirect coupling of 

TABLE II 

METHODS OF INTRODUCTION OF THIOLS INTO PROTEINS 

- Pr °' ein Thiolati on reagent Activating agent Re fc 

W £'°r 31 (r3bbit) ^.succinimidyl-3-(2-pyridyldi- dithiothreitol (DTT) Tl 

antibodies thiojpropionate (SPDP) ' 

Monoclonal IgG SPDP nTT 

Pr °;t, A SPDP DTT t't 

Vgiooui.n Succinimidyl-S-acetyl thioacetate hydroxyzine 53 '54 

(SATA) ' 

IgG S-acetylmercaptosuccinic anhy- hydroxylamine 34 

dride (SAMSA) 

Monoclonal IgG 2-lminothiolane (Traufs reagen t) none 55. 56 
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antibody with liposomes. These systems are designed primarily for targeting of li- 
posomes to cells with derivatized antibody already bound to their surface Two 
principal schemes have been utilized based upon the affinity between protein A of 

worl <mtf ra a r ,7 m J, b0dy FC ' "? 3ffinity ° f bi ° tin f0r avidin - Leserma " and co- 
workers [44.57,^8] conjugated protein A to liposomes after both had been deri- 
vatized with SPDP Protein A-bearing liposomes are added to cells which had been 
pre-treated with the targeting antibody resulting in specific binding of the lipo- 
somes of the cells w.th the newly added Fc. A similar mechanism is employed with 
the biotm-avidin system [59-61]. Typically, liposomes and antibody are both de 
nvattzed w.th b.otm. Target cells bound with biotinylated antibody are then treated 
w,th avidin followed by the biotinylated liposomes. Avidin has the capacity^ S 
up to four biotin molecules with very high affinity, thus serving to cross-link the 
two biotinylated components. Streptavidin has recently been used to avoid the non- 
specific binding properties of native avidin [59J. 

II. 2. Incorporation of lipophilic antibodies 

The second major approach to incorporate antibody into liposomes is to add a 
hydrophobic moiety to the antibody which facilitates its association wi h the am 
ph.path.c bilayer. S.nha and Karush [62J were the first to attempt thi approach 

^(^■odoacetyl-ZV-dansyllysyO-PE. was used to derivatize Bence Jones mono-' 
mers which then spontaneously attached to either preformed liposomes o -red I cell 
ghosts. However, this .odoacetyl derivative of PE is not an effective crosslink"* 
agent for couphng thiolated protein into pre-formed liposomes [34]. Add on of ' 
one or two aminoethy.th.oacetyl (AETA) groups as spacers between iodoacety 

thin. t f X TmV'o reaSOnab 'y efficie "t surface target for conjugation with 
h.olated antibody [34]. Penodate oxidation of the carbohydrate uni of phospha 
tidy inositol to a free aldehyde permits Schiff base formation between protend 
phospholipid 63]. Der.vat.zed protein can then be incorporated into liposomes by 
detergent dialysis. Yet another, approach utilizes a polysaccharide derivative of 
cholesterol as the anchoring molecule [64]. The polysaccharide used in these stul 

ra^ptTficrtr""' StabUity ^ ^out affecting 

The most commonly used nonpolar anchor is a fatty acid such as palmitic acid 

Ub7dv T e hT7h r0 d° C0,S haVe - be r deVd0ped f ° r ™> U ^ ^ «** onto 
t.body The /V-hydroxysucc,mm,de ester of palmitic acid (NHSP) is one popular 

choice for modifymg antibody to make it more lipophilic. Huang, A. et al [651 
were the first to use this agent for incorporation of monoclonal antibody into li- 
^7^ e f nUb0dy is first reacted with NHSP with the extent of derivatization 
controlled by the .nput ratio of NHSP to Ig and/or the reaction time [66]. Optimal 
coupling sto.ch.ometry for incorporation into detergent dialysis liposomes was 4-5 
palmitoyl chains per IgG [66-68]. Under these conditions, about 90% of the acyl 
chains were located on the heavy chain of the antibody. Antigen binding capacity 
of the antibody was reduced 3-1-fold but the liposomes exhibited good Target cell 
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Methyl 4-Mercaptobutyrimidate as a Gleavable Gross-Linking 
Reagent and Its Application to the Escherichia colt 
30S Ribosomet 

Robert R. Traut,* Alex Bollen, Tung-Tien Sun, John W. B. Hershey, 
John Sundberg, and L. Ross Pierce 



abstract: The compound, methyl 4-mercaptobatyrimidate, 
of which the synthesis is described, has been used to produce 
riisulnde-linked dimers and higher oligomers between neigh- 
boring proteins on the intact 30S ribosome from Escherichia 
coh. The imidate function of the reagent is fust allowed to 
react with amino groups on ribosomal proteins, following 
which the particles modified by the addition of extra SH 
groups are oxidized under mild conditions to form disulfide 
cross-links. The formation of new products of molecular 
weight greater than existing protomeric ribosomal proteins 
is monitored by gel electrophoresis in the presence of sodium 
dodecyl sulfate. Upon reduction of the oxidized ribosome or 
the extracted proteins, the normal protein pattern on gels in 



O, 



'f major importance in current research on the mecha- 
nism of protein synthesis and ribosome structure is the de- 
termination of the spatial arrangement of ribosomal proteins 
and the identification of ribosomal binding sites for initia- 
tion and elongation factors. Recent work has concentrated 
on the protein topography of the Escherichia colt 30S riboso- 
mal subunit. A variety of methods are being used toward 
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sodium dodecyl sulfate is completely restored. Similarly the 
reduction products, or proteins bearing extra SH groups, 
retain their characteristic behavior during electrophoresis ,n 
butlers containing 8 m urea at pll « 6 and 4.5. Identification of 
the specific protein components of purified dimers by two- 
dimensional slab gel electrophoresis is thus feasible. Possible 
minor alterations in elecirophoretic mobility due to partial 
ionization of SH groups are completely avoided by alkyla- 
lion of the proteins with iodoace.amide. The compound thus 
represents a new cleavable cross-linking reagent which slum o 
be applicable not only to the investigation of the topograph) 
of ribosomal proteins but aho protein-protein interactions 
a variety of other biological systems. 



these ends (for a complete review, see Wittmann and Stof- 

fier,l f l72). |h . 

One of the most direct experimental approaches fo> t 
determination of the overall topography of ribosomal prot^ 
as well as the identification of those spec.hc proteins * ■ 
prising the binding sites for protein factors involved ,n l> 
tein synthesis is the use of protein-specific bifunct.ona 
agents to cross-link either neighboring ribosomal pro! 
or nbosome-bound factors and ribosomal proteins. A 
time bisimido esters (Bickle et al., 1972; Clegg and 
1972; Lutter et al., 1972) and bismale.mides (Chant 
Flasks 1972; Kurland el til., 1972) have been used to idea ^ 
certain pairs of 30S ribosomal proteins covalently joine 
the reagent employed. f 
Several approaches are available for the identification 
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the toniponcnts of pur itied cross-^^Md products: (1 ) cleavage 
0 f the dimer or oligomer into i^r constituent protomers; 
^2) selective labeling of individual [>i oteins m the ribosome by 
r econstilution techniques and demonstration of the label in 
specific cross-linked products; (3) analysis of purified cross- 
] inked products with antibodies specific for each pure 30S 
protein. The first approach would seem to be the simplest 
provided that eleavable bif unctional reagents which would 
not alter the electt ophoretic and chromatographic properties 
0 f the resulting protomers were available Early experiments 
0 f this kind in this laboratory (Hickle et »■//., 1972) employed 
bisimido esters (D. ivies and Staik, 1970), which seemed highly 
suitable for studies of this kind, first, because ribosomai pro- 
teins are rich in potentially reactive lysine amino groups; 
second, because the covalent bond formed is in principle 
derivable by ammonolysis. Although a number of specific 
cross-linked products were formed, as indicated by analysis 
by electrophoresis on sodium dodecyl sulfate gels, identifica- 
tion of their protomenc components by ammonolysis was 
hindered by the low yield of the cleavage reaction. Therefore, 
we have sought new bisimido esters which could be cleaved 
more efficiently than the simple bisimido esters used in our 
earlier studies. The report by 1'erham and Thomas (1971) of 
[he synthesis of a mercaptopropionimidate 1 which can in- 
troduce additional thiol groups to proteins suggested the 
application of this class of reagents to protein-protein ltoss- 
Imking. Oxidation of the SH-charged ribosome should pro- 
duce disulfide bonds between neighboring nbosomal proteins 
and the dimers or oligomers thus formed should be readily 
cleaved by mild reduction. 

The present report describes improved methods for the 
synthesis of mercaptopropionimidate and a mercaptobutyr- 
irnidate in high yield and preliminary result;, on the applica- 
tion of these reagents to the cross- linking ol 3 OS Escherichia 
colt nbosomal protein:., The typical procedure consists of 
three steps: (1) reaction of ammo groups on ribosomai pro- 
teins in the intact ribosome with the imidate function of the 
mercaptoimidate ; (2) mild oxidation of the SH-charged 
ribosome to form S-S linked protein dimers (or higher 
oligomers). The cross-linked products thus formed are readily 
observed on sodium dodecyl sulfate gels and can be isolated 
by conventional methods. (3) Reductive cleavage of the cross- 
linked products results in essentially 100% yield to the 
original protein monomers. The resulting monomeric proteins, 
although modified by conversion of the original lysine amino 
groups to mercaptobutyroamidine groups, retain their normal 
electrophoretic mobilities in several different gel electrophoresis 
systems when the SH-charged proteins are first treated with 
todoacetamide. The identification of the cross-linked mono- 
niers by the conventional methods used for analysis of 
nbosomal proteins can therefore be readily accomplished, 
^he method should be generally applicable to studies of pro- 
tein protein interaction in a variety of other biological 
structures. 

Methods 

0r 8anic Syntheses 

Methyl 3- A fere apt opropio/i imidate Hydrochloride. An im- 
pr °ved procedure b ased on that of Perham and Thomas 
0971) was use( j r or t | lc S y M tt lts j s () f methyl 3-mercaptopropion- 



Abbreviations used are: T1IA, triethanolamine; mereaptopropion- 
aie . methyl 3-mercapiopropioiiiniictiite hydrochloride; inercapto- 



Utyri niidate, methyl 4-mercapiobuiy rhnidate hydrochloride. 



SCUEMI I 

Part a 

\ Hi % 

0=S T ClfOH,),CN v C1-- 

120°. 2 lir 

H,N HiN + 



I 



hscch^c 



Ila 



N k HjCl~ 



1 1 1 



on - ?.Tt7. 



MeOU-HCl 

^ HSfCHOiCN 



H,N 



Va 



C -S -[ Clo.H 3 )jCN 



III. 



Part b 

1. 122". 3 1m 



2d% OH " 



IV.) 



72 £ ' c I MeM!l-HC! 



HS(CH : >A' 



N-'IbCl- 



OCHj 



imidate hydrochloride Since the overall yield (44%) is sub- 
stantially greater than that previously reported, a detailed 
procedure is presented here. The synthesis tn*;efher with 
yields obtained at each step is summarized in Scheme la. 
Redistilled 3-chloropropiomtrde (1) (16.'. g, d IS"* mol (bp 
62-03°) (11 mm)) was combined with 19.0 >• (0.25 mol) 
thiourea (Ila) and 11'.. ri ml of water and ivfluxed m a 120 1 od 
bath for 2 hr. After cooling the solution to room temperature, 
250 ml of cold acetone was added. The crystalline isothio- 
uromum salt, 3-isothioureidopropionitrile (111), precipitated 
immediately and was collected by suction filtration .after 
standing for 15 mm at 4° and washed with 3 > 50 ml of 
cold acetone and 2 ;■ 50 rnl of diethyl ether, and air-dried 
overnight (yield 2 5 . 8 g. 84%, mp 163 -165°). 

In the next step, 23.0 g (0.139 mol) of the is. >th louroru urn 
salt (III) was dissolved in 30.0 ml of degased VUO and 
treated with 14.0 ml of 50% (w/v) NaOH solution (0.175 
mol) in a 50° water bath for 30 min with stiiung under nitro- 
gen. The mixture was cooled quickly to room temperature in 
an ice bath, 41 ml of diethyl ether was added through an 
addition funnel, and the mixture was .Mined for :> mm at 
room temperature. The reaction mixture »vas tunderrcdi to a 
nitrogen-purged separatory funnel, the ether laser was re- 
moved, and a second extraction with 41 ml of ether was 
performed iinder nitrogen. The aqueous layer was brought to 
pH 7 by the addition of approximately 22 ml of (» n H.SO, 
and extracted with 3 ;< 41 ml of diethyl ciher under NV 
The combined ether e> tracts were dried 40 rum with 15 g of 
anhydrous sodium sulfate and the solvent wa\ lemoved by 
rotary evaporation at mom temperature. The le.idue, 3 
mercaptopropionitr.le (IVa, yield 8.9 g, /3%), w.e, obtained 
as a light yellow oil. This was vacuum distilled (bp 57-59° 
(6 mm)) and a clear colorless oil was collected. 

An ice-cold solution of 3.2 g (0.088 mot) of anhydrous HC1 
in 4 0 ml (0.1 mol) of absolute methanol was prepared by 
passing hydrogen chloride through a drying tube hlled with 
Drierite, through concentrated H&Oa in a washing bottle, 
and finally into the cold methanol in a reaction flask fitted 
with a Drierite exit tube. This was continued until the ap- 
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propriate gain in weight due^^ptdded HO was obtained. 
The distilled 3-mercaptopropiSRrite fIVa; 2.75 g) was in- 
troduced quickly into the cold melhanolic HCI and the flask 
was stoppered tightly and left overnight at 0°. 

The reaction mixture was transferred to a three-neck flask 
fitted with a nitrogen inlet tube, an addition funnel for adding 
washing solvents, and an exit tube covered with a scintered- 
glass disk leading to a filtrate trap. Diethyl ether (5 ml) was 
added and slender white needles formed. An additional 20 
nil of cold ether was added and the flask was left on ice for 1 
hr. The supernatant was decanted through the scinlered-gtass 
filteied and the precipitate was washed two times with 5 
ml of cold 1 :3 absolute methanol-anhydrous ether and then 
two times with cold ether. The system was kept at 0° and 
under N ? throughout these operations. The product, methyl 
3-mercaptopropionimidate hydrochloride (Va; 4 2 g; 85°o 
yield, 44% overall yield; nip 78-79° dec, lit. (Perham and 
Thomas, 1971) mp 73-74°) was obtained The compound 
was stored in a vacuum desiccator over Drierite at 4°. Its 
purity was analyzed periodically on thm-layer chromato- 
graphic (tic) plates (E. Merck Cellulose F) by using 8:2 
(95°^) ethanol ethyl acetate; spots were visualized by ex- 
posure to iodine vapor. The compound decomposed grad- 
ually over a period of several months. 

Methyl 4-Mercaptobut yrimidate Hydrochloride Methyl 4- 
mercaptobutyrimidate hydrochloride was synthesized by a 
procedure similar to that for methyl 3-mercaptopropion- 
imidate (St heme I, part b) but with minor modifications. The 
principal difference was that the intermediate, isothiouronium 
salt (III) was not isolated. Redistilled 4 -chlorobutyronitrile 
(38 } g, 0. i7 niol, bp 192-194") was combined with 38 g of 
thiourea (0.5 mo!) and 25.2 in! of water and the mixture was 
relinked with stimng in a 122/' oil bath foi 3 hr. Analysis of 
the reaction mixture on tic plates (Baker-Flex silica gel IB! 7 ) 
developed in methanol and visualized with uv or iodine vapor 
indicated quantitative conversion of 4-chlorobutyroniti ile to 
a new product after 3 hr. Three-quarters of the cooled solu- 
tion was then used directly for the next step in which the 
product was treated with 2 5.8 ml of 50% (w/v) NaOH (0.49 
mol ) under N 2 for 30 min at 40°. The oil layer which resulted 
was removed and the aqueous layer was extracted with 2 <. 
75 ml of diethyl ether, ''adjusted with 6 n H.>SO, to pH 7, 
and extracted with 3 >; 75 ml of ether. The combined ether 
layers were extracted with 2 \ 75 ml of I FO and the com- 
bined water washings were rce\tracted with 2 < 35 ml of 
ether. The ether layers were combined and dried with an- 
hydrous Na.SCb The ether was removed by rotory evapora- 
tion, with the formation of 4-mercaptobutyronitrile (IV, 
l.y.i g, 26%) as a light yellow oil. This was purified by vacuum 
distillation (bp 61-64° (5 mm)) The purity of the distillate 
wa^ confirmed by thin-layer chromatography (Baker-Flex 
silica gel IBP*') using 1:1 chloroform-acetone. The imidate 
(V) was prepared by the addition of 1 4 g of this distillate 
(H.5(CH.)]CN), 0.014 mol) to a solution of 1.9 g (0.052 mol) 
of dry HC1 in 2,2 ml (0.069 mol) of absolute methanol and 
the mixture was held overnight at 0°. The product (1.7 g, 
72 %; 19% overall yield) was isolated in the manner pre- 
viously described for methyl 3-mercaptopropionimidate 
hydrochloride. This solid product was recrystallized by re- 
frigeration of saturated solutions of the compound in tncth- 
anol-acetone mixture with the formation of large blunt white 
needles (mp 192-193° dec). The recrystallized product pro- 
duced a single spot (R F 0 58) on thin-layer chromatography 
(Baker-Flex silica gel I BE) using 8:2 (95%) ethanol-ethyl 
acetate plus 0.1 % 2-mercaptoethanol. 



Procedure fur Cr^^dJnkirn; Ribosomal Proteins by 
Disulfide Furn\<^J 

Step I. Reaction of Rtbosomes with Imidate Function. Buff- 
ers containing primary or secondary amino groups are un. 
suitable for reactions involving irnido ester, since the rate t ,f 
reaction with buffer would greatly exceed that with protein 
ammo group-,, Accordingly, the buftei methanol: 
(TEA) at pH 8 was chosen as the standard condition for th f > 
reaction of mercaptoimidates with the ribosome. As shown 
previously (Bickie ct at, 1972), under appropriate ionic 
conditions in TEA the 3 OS ribosome retains its native physical 
properties, dots not dimerize and retains substantial activity 
in poly(U)-directed poly(phenylalanine) synthesis. The stan- 
dard buffer for the reaction was therefore TEA-FIOI (50 him, 
pH 8.0)~Mg(OAc) 2 (I mM)-KCl (50 mM>-3% /Tmerc.tpto- 
ethanol (TEA-SH buffer). Some experiments were carried 
out at 5 niM Mg(OAc), and 100 itim KC1; the results were the 
same as those reported here. 

The preseiKe of a reducing agent such as /Tmercaptu- 
ethanol was found advantageous to insure that the ribosonu! 
SH groups wvre in the reduced state during reaction whh 
mercaptoimidate, and that no disulfide-bond formation took 
place prior to the controlled second oxidation step. 

The ribosomes were allowed to react with the. merc.ipto- 
imidate (concentration given in text or figure legends) at 
3 mo/ml in 1EA-SU buffer for 2.0 mm at IF followed l, y j 
dialysis at 5° against TEA 1'ICl (50 int.i, pH 8.0)- Mg(OAo< | 
(1 niM)-KCl (50 niMi ("1 FA buffer) m order to remove ><■ j 
mercaptoethanol and free mercaptoimidate or its hydmlyi.i-, j 
products } 

Step II. (K'idotion of Rthosomes Modified by Addition i,j 
Men iipfoiniid.ite KcMdue:.. Following dialysis, ribosome-. wen' 
incubate. I foi U) inm ai iooim t< mpciature in IF' A bullo 
with the addition of H-O; to give a final concenlralion of U) 
niM 

'I he react ion was either stopped by adding sodium dodeu! 
sulfate sample hulfei (without /Tmeivaptoethanol) and am- 
!y/ed on gels immediately, or alternatively by addition o- ; 
cat.dase to remove excess H 2 0 2 . In other experiment., th- 
riboiomes were cone enti ated by ..entnfugahon at 4° of tfv 
oxidising, rca< lion mixture and the pellets were lesuspend-u . 
in TEA holler, The pattern and yield of crossdmkecl prnduii. j 
was the -.a me regardless of the procedure used The formalin j 
of disullidcdinf ed products seemed to depend more on \ 
number of SI] groups introduced than the condition. us:vh 
for oxidation 

Step III d^ouaye of Disu(ftdc-I inked Proteins. The sol utter; 
of oxidi/ed nbosomes in TEA buffer was adjusted to 3 % ; 
mcuapioelhauoi (TEA • M I.J and mcmatcd foi 30nmi d 3= ■ 
Alternatively, the standard procedure for electrophoresis lf 
polyacrylamide gels containing sodium dodecy! sullate h , 
which Hie sample is heated in ihe presence of reducing a^j 
was used to reduce the diuilfidc linkages. ; 

JOS Rdnnonies. Suhunits were prepared from E. cob ilU'-j' J 
MRE600 grown in rich medium as described previou,!f 
(Fikenber ry .•/ al. (19719, zonal cei.ti if ugation ; FakunUV:j 
and Hershevtl , »73) J growth conditions). j 

Gel FJecttophoresis. Fhe following polyacrylamide ! 
electrophones systems were employed. (1) a modification - . 
Ihe stacking sodium dodecyl sulfate gel system hist de-.cn 
by Licmnili (1970), modified according to R. F. C it-Jtela- 1 
(personal communication; see legend to Figure 1 for deU» 'j 
(2)' sodium dodecyl sulfate gel electrophoresis m gels coj j 
laining 10'*£ acrylamide m phosphate buffer as pre-Vio^' 
described (Weber and Osbom, 1969; Bickie and Traut, W 



3268 n i o c n f: m l s t u \ , vol. 12, no. 17, 1973 



Hi IT- 
un- 

te or 
otcin 
mine 
r the 

hown 
ionic 

ysical 
tivity 
stan- 

0 niM i 
apto- 

arried 
re the 



I 1 



rca [Me- 
nds) at 
wed by • 
g(OAc) ; | 
iove 3- I 
drolyus | 



clodccj! I 
nd ana- j 
lit i o £1 of j 
:nts, the j 
° of the j 
ispended \ 
product; 
) mint ion 
e tin the 

D [1 S U! 



Control C 3 SH C 4 SH 

fjGURE 1 : Comparison of mercaptopropionimidate and mercapto- 
butyrimidate. Ribosonial subunits (30 S) were treated with imidate 
at 10 niM, oxidized and analyzed on discontinuous polyacrylamide 
gels in sodium dodecyl sulfate, without mercaptan in the sample 
buffer. Gel system is that referred to in Methods with the following 
final composition : stacking gel: 5% acrylamide-2.6% bisacrylamide 
-0.1 % sodium dodecyl sulfate-0. 1 25 m Tris-HCl (pH 7.8); running 
gel: 15% acrylamide-0.08% bisacrylamide-O. 1 % sodium dodecyl 
sulfate 0 372 m Tris-HCl (pH 8.7), reservoir buffer: 0.005 m in Tris., 
0.3S4 m in glycine, 0.1% in sodium dodecyl sulfate (pH 8.5). The 
sample buffer is the same as that described by Laemmli (1970): (a) 
control ribosomes; (b) nbosomes treated with mercaptopropionimi- 
date; (c) ribosomes treated with mercaptobutyrimidate. 



(3) gel electrophoresis at pH 4 5 in 8 m urea (Traut, 1966); (4) 
two-dimensional electrophoresis (Kaltschmidt and Wittmann, 
1970; Howard and Traut, 1973). For the analysis of oxidized 
products reducing agents- were omitted from the sodium 
dodecyl sulfate sample buffers, for analysis of the reduced 
products, reducing agents were present according to standard 
procedu res. 

Alkylation. Ribosonial proteins were extracted from control 
and SH-charged 30S ribosomes in TEA buffer by treatment 
with ribonuclease T-l and nbonuclease A in the presence of 
10 mvt EDTA (Mizushima and Nomura, 1970). The pre- 
cipitated proteins were solubihzed by addition of solid urea 
to 8 m and the solution was adjusted to 17 rriM iodoacetamide 
and allowed to react at 30° for'30 min (Battel! et a/., 1968). 

Materials 

0-MeicaptoethanoI was obtained from Schwarz-Mann ; 
hydrogen pcrox.de AR 30% solution from Mallinckrodt 
Chemical Works; sodium dodecyl sulfate "Salzfrei" from 
SERVA, Heidelberg, T chioropropionitri !e and 4-ehlom- 
^llyiointril,; were obtained bom Alcluoh Chemical Co.; 
Hiiourc.i bom Matheson, Colemati & Hell, iodoacetamide 
from Calbiochem. Acrylamide and bisacrylamide were used 
without recrystallization as obtained from Eastman Organic 
Chemicals. Triethanolamine was also obtained from Eastman 
a nd was redistilled before use. 

Results 

b Comparison of Mercaptopropionimidate and Mercapto- 
wynmidate. Preliminary experiments showed that both 
™ er ^ptopropionimidate and mercaptobutyrimidate when 
flowed to react with intact E. coii 30S ribosomes modified 
* appearance of the band pattern when the proteins from 

suff° XldiZed ribosomes were analyzed by sodium dodecyl 
u ate gel electrophoresis. Figure 1 shows the analysis on 
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Control SH-IM SHIM SH-IM SH IM SH-IM 
Ornin ImM 5mM !0mM 25mM 

figure 2: Effect of mercaptobutyrimidate concentration on the 
formation of products of higher molecular weight. Ribosomes were 
treated with mercaptobutyrimidate at the concentrations indicated 
and oxidized as described in Methods, and (hen analyzed on 10% 
sodium dodecyl sulfate gels in which mercaptnn was omitted from 
the sample buffei. (d) Zero-time control at 10 mti imidate. The 
sodium dodecyl sulfate sample buffer was added at 0° immediately 
after the addition of imidate. 



sodium dodecyl sulfate gels of the reaction products formed 
with both reagents. As shown in Figure lb, treatment of the 
30S ribosome with mercaptopropionimidate resulted in the 
disappearance of several bands including proteins SI, S'.\ 
and S3. However, no discrete new cross-linked products 
were apparent. We suspect that the shorter compound pro- 
duces mainly intramolecular cross-links, and large aggregates 
involving Si, S2, and S3. As shown in Figure lc, with mer- 
captobutyrimidate, discrete bands of cross-linked products 
with high molecular weight are clearly visible. The contra:. t 
between these results comparing the two leagents led us to 
concentrate our efforts on the use of mercaptobutyrimidate 
for further studies, although it is highly likely that under ap- 
propriate conditions the shorter reagent would also throve 
useful for determining protein-protein interactions. 

Effect of Merca ptobut vnmidatc Concentration on Forma - 
tion of Higher Molecular Weight Products. A variety of con- 
centrations of mercaptobutyrimidate were tested. The results 
are shown in Figure 2. The standard condition 10 m.\t mer- 
captobutyrimidate was selected for further experiments in 
order to maximize the formation of the discrete new bands 
without the appearance of a preponderance of aggregates of 
extremely high molecular weight. The latter probably repre- 
sent oligomers higher than dirners and t rimers for which 
subsequent isolation and identification ol their protomen<: 
components would be technically complex and the lesulh. 
ambiguous. 

Effect of Redia tion Analyzed by Sodium Dodecyl Sulfate 
Gel Electrophoresis. As shown in Figure 2, the reaction of the. 
ribosome with 10 m,M mercaptobutyrimidate followed by 
oxidation resulted in the formation in discrete bands of 
molecular weight higher than the normal 30S gel pattern. 
Exposure of this cross-linked ribosome to 3% jS-mercapto- 
ethanol (see Methods') completely restores the normal sodium 
dodecyl sulfate ge! pattern (Figure 3d). From this result, it is 
concluded that the formation of higher molecular weight 
products is caused by the formation of disulfide bridges which 
can be readily and completely cleaved by mild reduction 
with mercaptans (see Discussion). 

Effect of Reduction Analyzed by One- and Two- Dimensional 
Urea Gel Electrophoresis. Since methods other than electro- 
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figure 3: Analysis on 10% polyacrylamide gels in sodium dodecyl 
sulfate of ribbsomes before (a) and after (b) reaction with mercapto- 
butyrimidate, oxidation (c), and reduction (d). The proteins were 
analyzed by polyacrylamide gel analysis in sodium dodecyl sulfate 
as referred to in Methods (Bickle and Traut, 1971). Only the sample 
buffer for samples b and d contain reducing agent. 

phoresis in sodium dodecyl sulfate will ultimately be useful for 
identification of cross-linked proteins, the SH-charged ribo- 
somal proteins extracted from ribosomes after step I were also 
analyzed by geL electrophoresis in buffers containing urea. 
After modifications of the ribosomal proteins by addition of 
mercaptobutyrimidate residues (40 niM imidate), changes in 
the mobilities of the proteins on pH 4.5 urea gels were ob- 
served both as a slight broadening or fu/zincss in each band, 
and a systematic lowering of the mobility of all the proteins in 
the gel pattern (Figure 4c). The abnormal behavior could be 
eliminated by prior treatment of the extracted reduced pro- 
tein with iodoacetamide (Figure 4d) and this was adopted as a 
standard procedure for analysis of the proteins in urea gel 
systems. 

Figure 5 compares the two-dimensional gel patterns of un- 
treated total 30S proteins with those derived from modified, 
oxidized, and reduced' ribosomes following exhaustive treat- 
ment of the reduced proteins with iodoacetamide. Even 
without treatment with iodoacetamide, the patterns are sim- 

Ureo Gels - pH 4.5 
0 b c ci 
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figure 4 : Analysis on polyacrylamide gels containing urea at pH 4 5 
of 30S ribosomal proteins treated with mercaptobutyrimidate- (a) 
total 30S protein, untreated ; (b) total protein reacted with iodoacet- 
amide; (c) total 30S protein extracted from ribosomes following 
treatment with 10 niM mercaptobutyrimidate; (d) proteins from (c) 
after reaction with iodoacetamide. 




figure 5' Analysis by two-dimensional polyacrylamide electropho 
resis of 30S ribosomal proteins: (a) control total 30.S protein; (b 
protein extracted from 3 OS ribosomes following reaction with 10 ni.\ 
mercaptobLityrimidnte and carboAymethylahon with iodoacetamide 
Only tlio-ie proteins migrating toward the cathode in the first di 
mension are shown. The mobility of proteins Si, S?, S6, and S]{ 
(not shown) are i\ho unchanged. 

liar except that the spots are Jess compact (results not shown) 
Thus, two-dimensional gel electrophoresis can be used for tru 
identification of the components of purified cross-linked prod 
ucts. 

Analysis by Sucrose Gradient Centrifugal ion of Modified 
Oxidized, and Reduced Ribosomes, Figure (> shows sucrose 
gradient analyses of 30S ribosomes at each step of the proce 
dure adopted. The results show the following points: (1) nr 
dimer formation between 30S panicles occurs at any stage 

(2) the particles sediment at 30S throughout the procedure 

(3) the reaction with mercaptobutyrimidate leads to a sligh 
broadening of the 30S peak; (4) this broadening is reversed b> 
the oxidation step. It is concluded that the conditions used dc 
not cause any major conformational change in the 30S nbo 
some and that therefore any protein -protein interactions de 
tected by the formation of specific protein products of highei 
molecular weight reflect the proximity of the constituent pro 
teins in the native 30S ribosomal particle. 

Dependence of {he Formation of Specific Cross-Linked Prod 
ucts on the Native 30S Rihosome Conformation. When tota 
protein was first extracted from the 30S ribosome and thet 
treated under conditions similar to those employed with th< 
native particle (equal total protein concentration) no cross 
linked material was formed (Figure 7). Therefore, it is con 
eluded that the formation of the cross-linked products de 
pends upon the relative orientation of the proteins involve* 
and requires the native conformation of the 30S partick 
Furthermore, this result makes it seem highly likely t^ 3 
random disulfide bond formation between free proteins durirv 
their extraction from the oxidized ribosome and further artf' 
ysis does not occur. 
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figure 6 : Analysis by sucrose gradient cenlrifugation of 30S particles 
at various stages of cross-linking and cleavage procedure: (a) con- 
trol particles: (b> 30S ribosomes after reaction with 10 itim mercap- 
tobutyrimidate; (c) particles from b following oxidation; (d) par- 
ticles from c after reduction by incubation with 3% 0-mercapto- 
ethano! at 37° for 20 min. The ribosomes were centrifuged for 110 
min at 55,000 rpm in the Beckman SW 56 rotor in linear sucrose 
gradients (7-25%) in TEA buffer. 



Comparison of the Cross-Linking Caused by Bismethyl- 
suberimidate and Mercaptobutyrimidate. Previous studies have 
shown that treatment of the 30S ribosome with bismethyl- 
suberimidate resulted in the formation of discrete products of 
higher molecular weight. Figure S compares the spectro- 
photometry tracings of sodium dodecyl sulfate gels stained 
with Coomassie Blue of cross-linked 30S proteins prepared 
with bismethylsuberimidateand methyl mercaptobutyrimidate. 
The patterns are quite similar in the positions of the new 
products of elevated molecular weight; the identity of the con- 
stituents of these new products remains to be established. The 
experiment illustrates the greater efficiency of the mercapto- 
butyrimidate oxidation procedure. The concentration of this 
reagent was 10 itim; the concentration of bismethylsuber- 
imidate which gave approximately the same yield of discrete 
cross-linked products was 25 niM, or 50 him in total imidate. 
I he greater efficiency of the rnercaptoimidate reagent is very 
likely due to the fact that hydrolysis of the free imidate- 
terminal group of the monoreacted bisimidate competes with 
the cross-linking reaction to another protein. The free mer- 
ca Pto group, on the other hand, is stable and remains avail- 
able for oxidation to the disulfide. 

discussion 

A variety of methods are available and are being used in 
m any laboratories for the formation and identification of 
Products resulting from the treatment of ribosomal subunits 
w ith Afunctional reagents. In those cases in which the cross- 
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figure 7: Effect of oxidation of free total 30S protein previously 
treated with 10 niM mercaptobutyrimidate. Total 30S protein was 
extracted from the ribosomal subunit a:; described in the text and 
analyzed on the discontinuous gel system described in Figure 1 in 
the absence of reducing agent: (a) protein from ribosomes treated 
with rnercaptoimidate; (b) protein from (a) after the standard oxi- 
dation procedure. 



linked products are not cleaved into their constituent proto- 
meric components, rather elaborate and technically complex 
procedures have been employed. These studies rely either 
upon the availability of antibodies against each pure ribo- 
somal protein and the testing of pure dimers one by one with 
each specific antibody; or on the reconstruction of ribosomes 
with specific proteins assumed to be cross-linked radioac- 
tively labeled. The first approach, while completely general, 
requires the prior preparation of purified proteins and their 
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figure 8: Comparison of bissuberimidate and mercaptobutyrimidate 
as cross-linking reagents. The 30S ribosomes were treated either with 
25 mM bissuberimidate (Hick)e et a/., 1972) or with 10 niM mercap- 
tobutyrimidate and electrophoresed on 10% polyacrylamide gels 
with sodium dodecyl sulfate. The gels, following staining with Coo- 
massie Blue, were scanned in a Gilford gel scanner (Dickie and 
Traut, 1971). 
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connate antibodies. The s^fc approach is particularly ap- 
plicable to confirm the corWsition of protein dimers when 
the proiomeric constituents are already suggested from other 
results, but is not a simple general method because of the 
technical complexity of reconstituting ribosomes with all 
permutations of possible dimerizable proteins selectively 
labeled. A third approach might utilize an analysis of the 
tryptic peptides of isolated dimers or oligomers and com- 
parison of the peptides with those already characterized from 
studies on pure proteins. Finally, in the exceptional case in 
which dimer formation proceeds in high yield, and with high 
specificity, the composition of a dimer may be inferred by the 
coordinate disappearance of putative cross-linked protomers 
(Chang and Flaks, 1972). Given the extremely powerful ana- 
lytical techniques for identifying nbosomal proteins {e.g., two- 
dimensional gel electrophoresis), and the need for a com- 
pletely general cross-linking method which is capable of de- 
tecting even low yields of all possible cross-linked proteins 
without making any prior assumptions, we have concentrated 
out efforts on the development a readily cleavable Afunctional 
reagent. 

The advantages of the method described here are clear. (1) 
Large-scale purification of nbosomal proteins is not required 
either to perform peptide analysis, nor to reconstruct selec- 
tively labeled ribosomes, nor to prepare antibodies. (2) The 
cleavage of the cross-linked products occurs in 100% yield. 
(3) The cleaved proiomeric proteins retain their character- 
istic behavior in the most powerful analytical method avail- 
able for nbosomal proteins, two-dimensional gel electro- 
phoresis (Kaltschmidt and Witlmann, 1970). A modification 
of this technique developed in this laboratory (Howard and 
Traut, 1973) peimils the analysis of amounts of each nbo- 
somal protein in the range of 1--5 MS Thus, large amounts of 
cross-linked materials need not be isolated; indeed, since the 
modified method permits radioautography, the entire pro- 
cedure can be carried out on a radioactive scale. (4) All ribo- 
somal proteins are modified by the addition of SH groups 
(results in progress, not shown) and thus aie potentially able 
to form cross-links to neighboring proteins. (5) Since the 
mercaptoimidate is a heterogeneous Afunctional reagent, the 
reaction of each function can be carried out m a separate step. 
Thus, the method is suitable for experiments in which one pro- 
tein, either a nbosomal protein or an initiation or elongation 
factor, is modified with the imidate function prior to its in- 
corporation into or binding to the nbosome, after which in 
the controlled oxidation step, the cross-links are formed. 

While it seems abundantly evident that the cross-links 
formed are clue to disulfide bond formation, we have com- 
pared the results of treating the SH-charged ribosomes by 
oxidation and by reaction with a sulfhydryl group specific bi- 
functional, bisphenylmaleimides (R. F. Heimark and R. R. 
Traut, unpublished results). The pattern of cross-linked prod- 
ucts observed on sodium dodecyl sulfate gels was identical in 
two cases. This result confirms that the cross-linking is be- 
tween SH groups; moreover, it indicates that the added length 
of possible cross-links introduced with the hismaleimide does 
not lead to the appearance of new products. In addition, the 
oxidized form of the compound, the disulfide dimer of the 
mercaptoimidate, has been employed directly as a Afunc- 
tional reagent. In general, the pattern of cross-linked products 
resembled that obtained by the procedure described here. 
However, yields were lower, probably due to hydrolysis of the 
monoreacted imido ester. Nevertheless, the disulfide diimidate 
should find useful application in other systems. 

Preliminary experiments on the utilization of mcrcapto- 



butyrimidate^^eut to identify specific E. call 30S protein 
neighbors ha^PLn earned out. A number of well-separated 
cross-linked bands were isolated from sodium dodecyl sulfate 
gels with radioactive proteins. Reduction of these products re- 
sulted in their quantitative conversion to new protein bands 
of lower molecular weight. The molecular weights of the cross- 
linked bands and their reduction products as determined by 
sodium dodecvt sulfate gel analysis are as follows. A band with 
an apparent molecular weight of 35,000 gave rise on reduction 
to two products with molecular weights of 20,000 and M.000. 
This result is entirely consistent with the dimer formation be- 
tween the two monomeric proteins to form the observed dimer. 
Another product with an apparent molecular weight of 32,000 
gave products with molecular weights of 20,000, 14,000, and 
13,000, and hence is most likely a mixture of two dimers 
Similarly, a third product of mol wt 26,000 yielded products of 
mol wt 14,000, 13,000, and 11,000 and again is likely to con- 
tain two dimer:;. Further identification of these products is in 
progress. . . 

Other cleavable Afunctional reagent^have been utili.xd m a 
variety of investigations both of the telt.ary strut: ture of single 
polypeptide chains and oligomeric proteins (foi review, see 
Wold 1972). Of these reagents two types in particular might 
be applicable to studies on the topography of nbosomal pro- 
tens: azodinked Afunctional reagents , ieavable m high yield 
by treatment with ammonia and dithionite; phenyldiM.lfonyl 
chlorides, cleavable with HBr in acetic acid. Neither class of 
reagent has the advantages of the reagent described here. 
Cleavage of the azo linkage results in a pmtome.r m whi. fi one 
positive chaise per amine group reacted is \o-A\ hence, its 
electrophoietic mobility will be altered. The disullonyl chlo- 
rides hyd.oly/e rapidly and are insoluble in water. In addi- 
tion the length of the cm,sdmk i. A as opposed to the 
14 6-A distance of the cross-link (N < > N) formed by the mer- 
captobutv mndate. Previous studies with a hom< .logon i sei .es 
of bis im, dates differing in the number of methylene groups 
(T -T. Sun, J. W. B. llershey, K . I,. Heimark, 7 . A. Mickle, and 
R P Trim unpublished results) have shown Unit reagents 
shorter than b.sadipinndate (8 7 A; N -> N) are di,tincily 
less effective in cross-linV mg nbosomal proteins. 

The class of cleavable protein- protein cross-linking re- 
agents de.cnbed here should provide a valuable tool in delci- 
minmg the nbosomal binding sites for initiation and elonga- 
tion facers and for the overall protein topography of the 
nbosome. They should also have a variety of applications in 
studies on other oligomeric enzyme complexes, more com- 
plex cellular organelles, and bacteriophage and vuu. strut- 
lures. 



Acknowledgments 

We thank Drs. William Benisek, Robert Feeney. and Floyd 
Ingrahain for critically reading the manuscript . 

Referent es 

Battell, M. L., Zarkadas. C. G.. Sn.ilhe, L. B , and Mad,c«. 

N II. ( I96S), J. Ihul. Cln>m 2-13, (>?0t> 
Bicklc. T. A.', Hershcy, J. W H. and Traut, K. U. 0 >'^ 

1'roc. Not. Acad. Sci. U. S. 69, 1 H >. 
Bickle.T. A„ and Traut, R. R H'»'U- ">»'■ <-'"•""■ ^ 

68^8 

Chang, !--. N„ and Flaks, J. G. (1972), J. Mol. Biol. 6S 177. 
Clegg. C., and Hayes, D. I.W2,, C. R. Acad. Sc. Ser P. 
275, 1819. 



3272 biochimisthv, vol. 12, no. 17, 197 3 



D avies. G. E., and Stark, G. R. 
£7 5.(56,651. 

Eikcnberry, E. R, Bickle, T. A., Traut, R. R-, and Price, C. A. 

/i 970) Eur. J. Biochem. J2 t 113. 
finding, J. L., and Hershey, J. W. B (1973), J. Biol. Chem. 

Ho^rd'S. A., and Traut, R. R. (1973), FEBS (Fed. Eur. 

Biochem. Soc.) Left. 29, 177. 
Kaltschmidt, E., and Wittmann, H. G. (1970), Anal. Biochem. 

Kufland' c G., Green, M., Schaup, H. W. t Donner, D. f 
Lutter' L- C, and Birge, E. H. (1972), in Functional Units 
in Protein Biosynthesis, Cox, R. A., and Hadjiolov, A. H., 



i), Froc. Nat. Acad. ScL Ed., New York, f^ Academic, p 75. 



Laemmli, V. K. (\9^^oture {London) 227, 680. 

Lutter, L. C, ZeiJSardt, H., and Kurland, C. G. (1972), 

Mot. Gen. Genet., 119, 357. 
Mizushima, S., and Nomura, M. (1970), Nature (London) 226, 

1214. 

Perham.R.N., and Thomas, J. 0.(1971), 7, Mo!. 8,01.62,415. 

Traut, R. R. (1966), J. Mol.Bio/., 21, 571. 

Weber, K., and Osborn, M. (1969), J. Biol. Chem. 224, 4406. 

Wittmann! H. G., and Stoffler, G. (1972), in The Mechanism 
of Protein Synthesis and Its Regulation, Bosch, L., Ed., 
Amsterdam, North Holland Publishing Co., p 258. 

Wold, E. (1972), Methods Enzymol. 25 t 623. 



Rate-Determining Step in the Reconstitution of 
Escherichia coli 30S Ribosomal Subunitst 

William A. Held and Masayasu Nomura* 



abstract: Previous studies on the mechanism of reconstitu- 
tion of 30S subunits of Escherichia coii using 16S RNA and 
unfractionated 30S proteins indicated that there is a rate- 
limiting, ummolecular reaction which has a high activation 
energy. 'in the present study, the 30S proteins required for 
this temperature-dependent, rate-limiting step have been ex- 
amined. Reconstitution was done using 16S RNA and a mix- 
ture of 2 1 purified proteins. The proteins were divided into two 
parts in various ways, and reconstitution was performed in 
two steps. In the first step, 16S RNA was incubated with a set 
of proteins at a high temperature (40°) for 30 min. In the 
second step the remaining proteins were added and the mix- 
ture incubated at a low temperature (30°) for 10 min. It was 
found that the 30S ribosomal proteins S4(P4a), SS(P4b), 
S7(P5), S16(P9a), and S19(P13) are required in the first heat 



step to form active 30S particles. S15(P10b) and Sl7(.P9b) are 
somewhat less essential in thL respect, and SI HP/), S1S(IM2>, 
S9(P8) S5(P4) and S12(P10) are still less essential but must be 
present dur.ng the first heat step for full functional activity. 
Some 30S proteins which are found in isolated ribosomal inter- 
mediate <RO particles [S20UM4), Sl3(Pl0a), and SbM'Jb.c)] do 
not appear to be required. Some proteins which aie required 
for the temperature-dependent step IS5(P4), S1>(P10), and 
possibly S19(P13)1 appear to bind very weakly to Rl particles 
at low temperatures, the isolated 1U particles are deficient m 
these proteins. The temperature-dependent step probably in- 
volves a substantial conformational change ot the R I particles 
as indicated by an increase in the sedimentation coefficient of 
the particles after heating. 



R, 



_ ribosomal subunits (30S) from Escherichia coii can be 
reconstituted from their dissociated molecular components 
(Traub and Nomura, 1968). In vitro reconstitution, although 
differing in some details from in vivo assembly, may provide 
information relevant to the latter. 

Previous studies on the mechanism of the reconstitution of 
30S subunits were done using 16S RNA and a mixture of un- 
fractionated total 30S ribosomal proteins (TP30) 1 (Traub and 
Nomura, 1969a ;Traub and Nomura, 1969b). Kinetic studies on 
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the assembly of 30S subunits showed that the rate-l.m.tmg urn- 
molecular reaction has a high activation energy Uraub an 
Nomura 1969a). When the components of 30S subunits (16S 
RNA and TP30) are mixed toother under the sta.ulaid le- 
consutution conditions and incubated at 0° instead of at the 
lusher temperature (usually 40", squired for tornu.uon o. 
active subunits, particles are produced which sediment at 
about 21-22 S in low Mg' + huffcr, are deficient m several pro- 
teins, and have no functional activity. These particles (ca ed 
"21S particles" in this pape. ) are activated when heated at 40 
to form particles which an, capable of bmchng the missing 
proteins at 0" to form functionally active 30S parties ( 1 ta u 
and Nomura, 1969a). The temperature dependence ol th s 
activation step suggests that the isolated 21, pattid a 
similar to or identical with the intermediate which undergoes 
the rate-l,miting unimolecula, reaction. 1 he followm B „ac- 
tion scheme has been proposed. 



f HI proteins . ,IC 

16S RNA >- Rl particles - 



Rl* particles 



^^Koum* ^ ribosomes (1) 
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Antibody-mediated targeting of liposomes to erythrocytes in whole blood * 
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Key words: Drug targeting; Liposome; Cell-specific antibody; F(ab') 2 fragment; (Erythrocyte) 

F(ab') 2 fragments derived from anti-rat ery throcyte antibody or normal rabbit serum IgG were covalentlyj 
attached to the surface of liposomes consisting of equimolar amounts of egg phosphatidylcholine and! 
cholesterol. These liposomes were interacted with rat, monkey or mouse blood, and their binding to both red! 
and white blood cells was determined. Results of these studies show that coupling of liposomes to anti-ratl 
erythrocyte F(ab') 2 considerably enhances their binding to erythrocytes in rat blood. However, no suchj 
increase" in the binding was observed with rat leukocytes or monkey and mouse erythrocytes. Besides, the] 
interactions between the liposomes and target cells did not affect the permeability properties of the liposome! 
bilayer. These observations indicate that liposomes coupled to cell-specific antibodies may serve as highly] 
useful carriers for homing of drugs/enzymes to specific cells in biophase. 



Introduction 

Liposomes containing cell-specific ligands on 
their surface may serve as useful carriers for de- 
livering drugs/enzymes to specific cells in bio- 
ohase [1,2]. Several studies have been done on the 
interactions of such liposomes with isolated specific 
cells [3-7], but few attempts have been made to 
investigate their binding to selected cell types in 
vivo [8,9] or in whole blood [10]. We describe here 
the results of our studies on the interactions of 
anti-rat erythrocyte F(ab') 2 -coupled liposomes with 
erythrocytes in whole blood. 

Materials and Methods 

Egg phosphatidylcholine (egg PC) and egg 
[methyl- u C]PC (25-30 /iCi//imol) were prepared 
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as described earlier [11]. Gangliosides were iso- : 
lated from buffalo brain using the known method; 
[12]. Cholesterol was purchased from Centron Re- 
search Laboratory, Bombay, and crystallized three 
times from methanol. Sodium cyanoborohydride, 
lactoperoxidase and pepsin were purchased from 
Sigma Chemical Company. Ficoll 400, Sepharose 
6B and Sephadex G-50 were bought from Phar- 
macia Fine Chemicals. Conray 420 was procured 
from May and Baker. Sodium [ 125 I]iodide ' 
(earner-free) and [ 14 C]sucrose were obtained from 
Bhabha Atomic Research Centre, Trombay, India. 

Preparation of 1:5 1 -labeled F(ab') 2 

Anti-rat erythrocyte antibodies were raised in 
rabbits and isolated essentially according to 
Bratcher et al. [13]. F(ab') 2 from the antibodies 
were prepared by pepsin treatment as in Ref. 14. 
Contamination of the antibody from the corre- 
sponding F(ab') 2 was removed by chromatography 
of the mixture over a Protein A-Sepharose CL-4B 
column. Purity of the antibody (> 90%) and of 
F(ab') 2 (>95%) was established by polyacryla- 
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n iide g e i (4-5.6%) and cellulose acetate paper elec- 
trophoreses. Immunoglobulins from the normal 
rabbit serum were isolated by ammonium sulfate 
precipitation, and converted into the correspond- 
ing F(ab') 2 using the above procedure. 
Lactoperoxidase-catalysed radioiodination of both 
the anti-rat erythrocyte F(ab') 2 and normal F(ab') 2 
was carried out according to the known method 

Preparation of liposomes 

Unilamellar liposomes were prepared from egg 
PC (20 jumol), cholesterol (20 /xmol), gangliosides 
(4 ixmo\) and traces of either egg [ 14 C]PC (about 
10 fiCi) or [ 14 C]sucrose (about 125 fiCi) in 0 8 ml' 
borate-buffered saline (10 mM borate containing 
60 mM NaCl, pH 8.4) by probe-type sonication, 
and fractionated by ultracentrifugation as de- 
scribed earlier [7]. Free [ 1 4 C]sucrose from the lipo- 
somized sucrose was removed by gel filtration over 
Sephadex G-50 [11]. The mean outer diameter of 
these liposomes, as determined by negative-stain- 
ing electron microscopy, was about 40 nm. 

Covalent coupling of liposomes to n} 7 -labeled F(ab'j 2 
Anti-rat erythrocyte F(ab') 2 and normal F(ab') 2 
were covalently attached to the liposome surface 
essentially according to the published method [16]. 
Briefly, liposomes were first oxidized (2 h, 20°C, 
dark) with sodium periodate and, after oxidation, 
the excess reagent was removed by gel filtration of 
the reaction mixture over Sephadex G-50 using 20 
mM borate containing 120 mM NaCl (pH 8.4) as 
the eluting buffer. The liposome fractions were 
pooled together and concentrated to about 5-7 
/imol lipid P/ml in an Amicon centriflo CF-25 
cone. Variable amounts of these liposomes were 
mixed with fixed amounts (1.5-1.75 mg) of anti-rat 
erythrocyte F(ab') 2 or normal F(ab') 2 containing 
about 60 iiCi {spec. act. 230-320 juCi/mg protein) 
of the corresponding 125 1 -labeled protein in the 
above buffer. To it was added 2 M sodium 
cyanoborohydnde (10 /il/ml). The mixture was 
incubated at 20°C for 14-16 h. After completing 
the incubation, it was chromatographed on a 
Sepharosc 6B column (1.4 x 35 cm) using sucrose- 
supplemented Tris-buffered saline (10 mM con- 
taining 150 mM NaCl, 44 mM sucrose and 5 mM 
EDTA, pH 7.4) as the eluant. The liposomes were 



recovered in the void volume. The liposome frac- 
tions were pooled together and concentrated to 
about 5 /imol lipid P/ml. Less than 20% of the 
total added protein becomes covalently attached 
to the liposomes in these conditions. For the sake 
of convenience, the liposomes coupled to anti-rat 
erythrocyte F(ab') 2 and normal F(ab') 2 will 
hereafter be referred to as the experimental and 
control liposomes, respectively. 

Liposome-ccll interactions in blood 

Liposomes (0.05-1.0 jumol lipid P) were in- 
cubated with heparinized rat, mouse or monkev 
blood (1.0 ml) at 37°C for 1 h in a shakii 
water-bath. The plasma was removed, and the 
pellet was washed several times with the sucrose- 
supplemented Tris-buffer. Red and white blood 
cells were isolated from the pellet using Ficoll- 
Conray gradient. The gradient was prepared by 
mixing Conray 420 (33% solution in water, w/v, 
based on the sodium iothalamate content) to a 9% 
solution (w/v) of Ficoll 400 in normal saline till 
the density of the mixture was 1.08. 1 ml of the 
cell suspension (50% hematocrit in the Tris buffer) 
was carefully layered on the top of 2 ml gradient 
in a glass tube (5 ml). It was centri r :-ed at 300 ,< g 
at 20 ± 2°C for 10 min. White blood cells were 
aspirated off, leaving the erythrocyte pellet at the 
bottom of the tube. Both types of cells were washed 
and separately suspended in measured volumes of 
the Tris buffer. The red cells, so obtained were 
contaminated with 0.1% polymorphonuclear 
leukocytes, whereas the white cells were virtual 
free from erythrocytes. The amounts of 121 1 in the 
cell pellets were determined without disrupting the 
cells, but for measuring 14 C, the cells were lysed 
with Triton X-100. In case of erythrocytes, the 
amounts of 14 C measured were corrected for 
quenching by hemoglobin. 

Stability of liposomes in blood 

Stability of the control as well as experimental 
liposomes in blood was determined in terms of 
both the egg PC transfer to plasma proteins and 
the blood-induced leakage of [ 14 C]sucrose from 
the liposomes. For comparison, the stability of the 
egg PC/cholesterol liposomes that did not contain 
F(ab')-, was also measured in identical conditions. 
Incubations of liposomes with blood were carried 
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out at 37°C for 1 h. The phospholipid transfer to 
plasma proteins was determined as described 
earlier [17]. The plasma-induced leakage of the 
entrapped [ 14 C]sucrose was ascertained by mea- 
suring the amounts of [ 14 C]sucrose released in the 
medium upon incubating (1 h, 37°C) the lipo- 
somes separately with blood and buffer. The lipo- 
somes from free sucrose were separated by gel 
permeation chromatography of the mixture over 
Sephadex G-50. 

Results and Discussion 

Liposomes were covalently attached to F(ab') 2 
using the known method [16]. This method does 
not seem to affect the structural integrity of the 
liposomes bilayers, as we have observed no signifi- 
cant increase in the efflux rates of the entrapped 
solutes during and/or after the oxidation or pro- 
tein-coupling steps. Incorporation of gangliosides 
in the egg PC/cholesterol liposome bilayer gave 
better protein-coupling yields than that obtained 
upon incorporating cerebrosides. Only 15-20% of 
the total amounts of added protein could be cova- 
lently attached to the liposome surface under the 
reported conditions [16]. 

Varying concentrations of liposomes, which 
were free of [ u C]sucrose but contained egg [ 14 C]PC 
in their bilayers, were incubated with rat blood, 
and the amounts of radioactivity that became as- 
sociated with erythrocyte and leukocyte pellets 
were determined. Fig. 1 shows that the binding of 
.posomes to white blood cells is not altered upon 
attaching anti-rat erythrocyte F(ab') 2 t0 tne n P°" 
somes surface. However, the binding of these lipo- 
somes to erythrocytes was at least 6-fold greater 
than that of the liposomes which had normal 
rabbit F(ab') 2 covalently attached to their surface. 
This demonstrates that covalent coupling of anti- 
rat erythrocyte F(ab') 2 to the liposome surface 
helps the liposomes in specifically recognizing the 
red cells in rat blood. 

To ascertain whether the anti-rat erythrocyte 
antibody is specific only to rat erythrocytes, we 
measured binding of both the control and experi- 
mental liposomes to monkey or mouse erythro- 
cytes in whole blood. Table I shows that the 
amounts of 14 C or 1:5 1 associated with monkey or 
mouse red cells are not much affected upon replac- 
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Fig. 1. Binding of liposomes to white blood cells and red cells 
in rat blood. The liposomes were prepared from PC, cholesterol, 
gangliosides and traces of egg [ ,4 C]PC, and covalently attached 
to 125 Mabeled F(ab') 2 as given in Materials and Methods. The 
amounts of protein coupled to the surface of liposomes were as 
follows: control liposomes (B), 80-100 /ig/^tmol lipid P; ex- ' 
perimenta! liposomes (A), 90-120 ug/fimol lipid P. The open 
and closed circles represent amounts of liposomal PC bound to 
white blood cells and red cells, respectively. For the sake of 
clarity, the amounts of cell-bound F(ab') 2 are not shown in the 
figure. But these amounts were quite in agreement with the 
amounts of cell-associated liposomal PC. . 

ing the normal rabbit F(ab') 2 in liposomes by the. 
anti-rat erythrocyte F(ab') 2 , suggesting that the- 
antibody used in these experiments is highly; 
specific to rat erythrocytes. In addition, the pro-^ 
cess of binding between the experimental lipo-j 
somes and rat erythrocytes is very fast, as no; 
significant increase in the binding was observed by; 
increasing the incubation time from 15 min ( C»] 
about 14%; ,25 I, about 16%) to 4 h ( U C, about] 
17%; l25 I, about 20%). Besides, the extent of thej 
binding is not influenced appreciably by the lipoVj 



75 



TABLE I 

INTERACTIONS OF LIPOSOMES WITH MONKEY, 
MOUSE OR RAT ERYTHROCYTES IN WHOLE BLOOD 

Liposomes (350 nmol lipid P) were incubated with monkey, 
mouse or rat blood (1.0 ml) at 37°C for 1 h. The amounts of 
F(.ib') 2 that were covalently coupled to the surface of control 
and experimental liposomes were about 90 /xg protein, '/imol 
liptd P and 80 /ig protein/^mol lipid P, respectively. The 
extents of liposome binding to erythrocytes were ascertained by 
measuring both the cell-associated 14 C and 125 1. Values shown 
are mean of three determinations + S.D., and expressed as % of 
the total M C or 125 I associated with 3-10 9 red cells. 
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Red cells 


Liposomes 




i25 l 






(%) 


(%) 


Monkey 


control 


1.8 + 1.0 


0.2 + 0.1 




experimental 


2.7 + 1.2 


0.8+0.3 


Mouse 


control 


2.5 + 0.5 


0.3 ± 0.1 




experimental 


1.9+1.0 


0.8 + 0.: 


Rat 


control 


3.0+0.4 


0.5 ± 0.1 




experimental 


19.3+1.0 


24.0 + 3.4 



some concentration in blood, but increases by 
increasing the protein-to-phospholipid ratio in the 
liposomes (Fig. 2). The latter finding is consistent 
with the earlier observations [3,4], 

Further experiments were done to examine 
whether the structural integrity of the liposomes is 
maintained upon their binding to erythrocytes. 
For these experiments, [ u C]sucrose was entrapped 
in the liposomes instead of incorporating egg 
[ U C]PC in the liposome bilayer. The control and 
experimental liposomes were incubated with rat 
blood and the amounts of 14 C and 125 I present in 
the erythrocyte pellets were measured. Fig. 3 shows 
that by incubating the experimental liposomes with 
blood, similar amounts of 14 C and 125 I become 
associated with the erythrocyte pellet, suggesting 
that the liposomes remain largely intact even upon 
their binding with erythrocytes' in whole blood. 
This was further confirmed by measuring the sta- 
bility of liposomes in rat blood. The stability was 
measured in terms of both the phospholipid trans- 
fer to plasma proteins and the plasma-induced 
leakage of the entrapped [ u C]sucrose, as described 
in Materials and Methods. About 17-23% and 
19-21% of egg PC was transferred to plasma 
proteins from the control and experimental lipo- 
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Fig. 2. Binding of liposomes to erythrocytes in whole blood. 
The binding is expressed as percent of total 14 C or 125 1 
associated with 3 ■ 10 9 red cells. Liposome preparations used in 
these experiments were similar to that in Fig. 1. The amounts 
of the protein coupled to the surface of control liposomes were 
about 12 /ig/>mo! lipid P (A), 76 fig//xmoi lipid P (B), V 
jig/fimol lipid P (C), whereas in the case of experiments, 
liposomes these amounts were about 8 /ig/jimol lipid P (A). 70 
fig, 'umol lipid P (B) and 155 /xg/>moI lipid P (C). The open 
and closed circles represent the % I25 I and % 14 C bindings, 
respectively, to rat erythrocytes upon incubating the control 
liposomes with rat blood, while in the case of experimental 
liposomes, the % 125 1 and % 14 C bindings are represented by 
open and closed triangles, respectively. 



somes, respectively, at 37°C in 1 h. These amounts 
were almost identical to those transferred from the 
egg PC/cholesterol liposomes (14-20%) which did 
not contain F(ab') 2 on their surface. Similarly, the 
extent of plasma-induced leakage of [ 14 C]sucrose 
from both the control (buffer, 1.4-1.8%; plasma, 
2.8-3.2%) and experimental (buffer, 1.6-2.1%; 
plasma, 3.9-4.7%) liposomes was almost similar to 



that observed for the egg PC/cholesterol lipo- 
somes (buffer, 1.1-1.6%; plasma, 1.9-2.4%). These 
results clearly show that liposomes consisting of 
equimolar amounts of egg PC and cholesterol 
largely remain stable in blood [18], and that this 
stability is not altered upon covalent coupling of 
anti-rat erythrocyte F(ab / ) 2 to the liposome surface. 

The present study demonstrates that covalent 
attachment of anti-rat erythrocyte F(ab') 2 to the 
liposome surface helps the liposomes in specifi- 
cally recognizing the red cells in rat blood. This 
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Fig. 3. Liposomes binding to erythrocytes in rat blood. The 
binding is expressed as percent of total 14 C or 125 1 associated 
with 3 - 1 0 9 erythrocytes. ,25 I-labeled F(ab')2 were covalenlly 
coupled to the liposomes which contained [ 14 C]sucrose as the 
entrapped solute. The amounts of F(ab') 2 on the liposome 
surface were as follows: control liposomes, 60-75 jig/^mol 
lipid P; experimental liposomes. 70-90 /ig//imol lipid P. Bars 
represent means of three experiments ± S.D. Open bars, control 
liposomes; closed bars, experimental liposomes. (A) and (B) 
represent the % M C and % 125 I bindings, respectively, to 
erythrocytes. In one experiment, free [ 14 C]sucrose alone was 
incubated with rat blood for 1 h at 37°C, and the amount of 
radioactivity that became associated with red cells was mea- 
sured. Only background levels of 14 C were found to be present 
in the erythrocyte pellet. 



antibody seems to be highly specific to these cells r 
as the experimental liposomes failed to bind to rat T ; 
white blood cells or monkey and mouse ery threw! 
cytes. Also, the interactions between liposomes^ 
and the target cells do not appear to induce an^ 
enhancement in the leakage of the entrapped so-; 
lutes in the medium, since the stability of the 
experimental liposomes in the presence of rat blood' 
was found to be similar to that of the egg PC/ 1 
cholesterol liposomes. Besides, the binding of lipo- 
somes to the red cells is very rapid, and not 
affected by the liposome concentration in blood, 
but it is certainly influenced by the phospholipid- 
to-protein ratio in the liposomes. It is, however, 
not yet clear from these experiments whether or 
not the cell-bound liposomes deliver their contents 
to the cells. 

Delivery of liposomized solutes to the .target 
cells will be ensured only if the cell-bound lipo- 
somes either fuse with the cell membrane or be- 
come internalized via endocytosis [19]. As a mam- 
malian red cell should have very little or no capac- 
ity to endocytose the surface-bound liposomes, 
fusion between liposome bi layer and the target cell 
membrane seems to be the only mode of erythro- 
cyte-liposome interaction which would result in 
delivery of the entrapped solutes to the cells. How- 
ever, such a fusion should render the cells 
abnormal, and consequently might affect their 
survival in circulation [20]. These possibilities are 
presently under investigation in the authors' 
laboratory. 
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